Vere-Jones' branching crack model was developed in 1970s. In this model, the earthquake source is regarded as the result from the total population of crack elements in a critical or near-critical branching process, where the crack propagates through a series of steps. At each step, each crack element simply terminates or generates several other crack elements nearby. Regarding the total number of steps (generations) as the duration time and the total number of crack elements as the total energy released, the following features of earthquake source processes can be simulated by this model: (a) the magnitude-frequency relation, (b) the source time function, and (c) the rupture duration-seismic moment relation.
1. the Gutenberg-Richter magnitude-frequency relation holds as an asymptote for more general cases of the GW branching processes. The distribution of energies is asymptotically a Pareto distribution (power law) for the critical case, or a tapered Pareto distribution (tapered power law, Kagan distribution) for the subcritical case.
2. The variance of rupture durations is relatively larger for small magnitude events and gives a scaling relation of ∼ 1/2 between the rupture duration and the seismic moment of an earthquake.
3. The number of crack elements at each generation (time step) show similar patterns of earthquake source time functions. Vere-Jones' branching crack model explains why the EQ magnitude cannot be determined until the whole source process is completed.
【On earthquake sources】  Summary statistics: Magnitude, Seismic moment, Energy, Moment tensor  Models: Slip distribution (spatial or spatiotemporal), Fault geometry, Source time function, Stress drop distribution  Complexity: Accompanying (sub) faults, Fault thickness  Interaction between the earthquake source and the surrounding environments:
The barrier model (Aki, 1984 ) and the asperity model (Lay and Kanamori, 1981) . Both models refer to strong patches of the fault that are resistive to rupture or slip. In the barrier model, smoothly slipped patches are surround by relatively strong patches, and so earthquake is regarded as a stress-roughen process that can propagate leaving unbroken patches. In the asperity model, highly stressed strong patches are surrounded by the regions where stress has already been released by aseismic slips.
【 Vere-Jones' branching crack model -Galton-Watson process】
• Each earthquake starts from an individual crack.
• Each crack triggers further cracks independently in the same manner (probability distribution). If the branching process does not stop at a certain time step, any number of cracks could be produced in its continuation. This randomness explains why the EQ magnitude cannot be determined unless the recorded waveforms contain information of the whole source process.  This above conclusion is different from Olson (2005 , 2006 , which declared that the earthquake magnitude can be determined by the first several P wave phases.
Y:
【The rupture duration-seismic moment relation 】  The conventional 2D (circular or rectangle crack) model for earthquake rupture supposes that, once the rupture starts from a certain point on the fault plane, it propagates straightly to the boundary of the source area without a stop. With the assumptions that the rupture duration is related to the source dimension through the rupture velocity (which is assumed to be a constant and proportional to the shear wave velocity ∝ / and that the stress drop is close to a constant for all the earthquakes, ∼ 
